Food insecurity and hunger are major challenges in many Ethiopian communities with repercussions on health and nutrition outcomes in vulnerable household members. The level and contextual risk factors of household food insecurity and hunger were assessed in households (n=630) from three rural communities of Ethiopia (Halaba or Zeway) using the Household Food Insecurity Access Scale and Household Hunger Scale. Multiple classification analysis was employed to explore the effects of key demand (e.g. household size, livestock) and supply (e.g. land size, frequency of production) factors and community (geographic location) as well as institutional (participation in food security programs) factors on food insecurity and hunger. Household food insecurity was unacceptably high in both districts (95% in Halaba & 67% in Zeway). Household hunger was 38% in Halaba and 18% in Zeway. Both food insecurity and hunger were significantly greater in Halaba (p<0.001), indicating an effect of geographic location. Both supply and demand factors were significant in determining household food insecurity and hunger (p<0.01); however, supply factors such as women"s access to land, land size and wealth had greater influence than the demand factors. Levels of food insecurity and hunger in both communities were very high and of serious concern. We recommend increasing the food supply, and its subsequent accessibility, for households through enhancing women"s access to land, improving income through savings and wealth accumulation, introducing more inclusive programs for women"s participation and reducing household work-burden by significantly enhancing productivity of cultivable land.
Often food insecurity is a socioeconomic condition in which households of low-socioeconomic status have limited economic access to sufficient and quality foods for all family members throughout the year. Previous household level studies documented factors such as household size, land size, educational status, headship, access to credit services, agricultural extension packages as key predictors of household food security status (Belachew et al., 2012; Birhane et al., 2014; Endale et al., 2014; Regassa, 2011; Sewnet, 2015) . These and other similar factors such as women"s access to land, work burden on women, frequency of production per year and livestock ownership could be summarised as demand or supply side factors at household level. Demand side factors (such as household size, livestock ownership) generally affect households" ability to access adequate food while supply side factors (such as land size and frequency of production) mainly affect the food supply. Despite some attempts (Alem, 2013; Feleke, Kilmer, & Gladwin, 2005) evidence is limited whether household food insecurity is more a function of demand or supply side factors, or a combination of both, at the household level in rural Ethiopia.
While several tools are available, the Food and Nutrition Technical Assistant project (FANTA) of the United States Agency for International Development (USAID) introduced a Household Hunger Scale (HHS) in 2011 as a method to measure a more severe form of food insecurity at household level (Deitchler, Ballard, Swindale, & Coates, 2011) . Unlike the commonly used Household Food Insecurity Access Scale (HFIAS), the HHS has been validated for cross-cultural use allowing comparison of findings across various regions within and between countries (Deitchler et al., 2010) . We were unable to find studies that applied the HHS to estimate household hunger in rural Ethiopia, except for two studies (Regassa, 2011; Regassa & Stoecker, 2012) . These previous studies did not, however, assess whether food insecurity and hunger were a function of demand or supply side factors at household level.
Therefore, we measured household food insecurity and hunger in the agricultural communities of Halaba and Zeway in Ethiopia, using both HFIAS and the new HHS, and determined whether demand or supply or a combination of both, at household levels predicted vulnerability to household food insecurity and hunger. The decision to use both tools was to enable us to compare our results with previous studies that utilized the HFIAS and the few studies that used the new HHS in similar settings. The study sites, selected based on their farming practices, were part of a larger collaborative research project between Hawassa University (Ethiopia) and the University of Saskatchewan (Canada) that sought to improve food security and human nutrition through improving agricultural practices in these areas.
Methods
The study was conducted in three rural communities located in two adjacent administrative regions of Ethiopia. Two of the three communities (locally known as Guba-Sherero and Holagoba-Kukie) were part of the Halaba district, located in the Southern Nations and Nationalities and People"s Region (SNNPR). Halaba district is located approximately 85 kilometers northwest of Hawassa, the capital of SNNPR. The district is known for growing pepper and pulses, both of which are considered cash crops for the farmers. Rain-fed agriculture is the main livelihood. The third rural community (locally known as Edo-Qontola) is located near the town of Zeway and is part of Adami-Tulu-Jido-Kombolcha district in the Oromiya Region. It is located approximately 160 kilometers southeast of Addis Ababa, Ethiopia"s capital. Maize, teff, wheat, barley and different oil seeds are the major crops produced in the district. The area is mostly dry land, and both irrigated and rain-fed agriculture are practiced.
A total of 630 households (413 from Halaba and 217 from Zeway communities) were selected to participate in this study using simple random sampling. Ten data collectors met at the central location of each community and randomly walked in different directions to individual households. Households were selected based on whether they had at least one <5yrs of age child (to enable us conduct other mother-child nutrition specific studies) until the sample size was achieved. Sample size was determined using formula for cross-sectional studies (Charan & Biswas, 2013) , assuming the 27% probability of maternal undernutrition reported at national level (Central Statistical Agency [Ethiopia] and ICF International, 2012). The respondents were women (mothers) in the selected households as they were mostly responsible for the procurement, preparation and serving of meals, and hence were well informed about the food supply situation of the household. Data were collected between the months of March and June.
The women were interviewed by trained female data collectors who had some post-secondary education and spoke the local languages fluently. The data collection was supervised by an investigator (GE) and a research assistant who also spoke the local language fluently. Background characteristics of participating households were collected by a translated questionnaire adapted from previous national and local survey studies in the regions (EHNRI, 2010; Roba et al., 2015; Tessema, Belachew, & Ersino, 2013) . Information collected included household size, age of respondents, headship of households, size of cultivable land, women"s access to land, person in charge of production (men or women or both men and women), frequency of cultivation of food crops per year, occupation of mothers and their husbands, information on livestock, various household assets, housing characteristics (types of floor, roof, window materials), sanitation facility, source of drinking water, persons mainly responsible for hauling water and the time required per trip, and household"s involvement in any food security programs in their respective administrative districts.
These background characteristics were used directly or as proxy measures to generate various supply and demand related factors that may affect household food insecurity and hunger. Fetching water is mostly the responsibility of women. It takes time away from other productive activities (e.g. working on farm, cash earning activities) and adds to the work burden of women since water sources are not available on premises (WHO & UNICEF, 2010) . Hence, time required to fetch water (<30minutes/trip or ≥30 minutes/trip) was used as a proxy to measure presence of work burden on women (BOWYCA, 2013; WHO & UNICEF, 2010) . In this case a single trip requiring half hour, or more, was taken as indicator of presence of work burden. We also calculated physiological density (the ratio of number of persons in the household [that needs to be fed] to unit of cultivable land owned by the household) and households were classified as above or below the average (≤8 or >8). Livestock information was used to calculate Tropical Livestock Units (TLU). One TLU is the equivalence of 250kg of livestock owned by the household (Storck, Emana, Adinew, Borowiecki, & W/Hawariat, 1991) . Households were grouped as having low (<2.5), medium (2.5-5) or high (>5) TLU, using the mean TLU value (i.e. below mean, mean to twice the mean, and above twice the mean). Wealth index for each household was also generated using household assets (i.e. ownership of radio, television, mobile phone, bicycle, animal drawn cart, motorcycle, handheld torch, and oxen), housing characteristics (i.e. corrugated iron or thatched grass roof, cow dung smeared/cemented or earth/dirt floor, presence or absence of windows, crowding [persons per sleeping room > 5 or ≤ 5]) and access to improved sanitation. Scores 1 or 0 were assigned for each household based on ownership of each asset or housing characteristics or access to improved sanitation facility. Then households were grouped into three of wealth index as low (<4), medium (4-8) and high (>8), following similar procedure as the TLU groups.
Degree and prevalence of household food insecurity were assessed using a translated scale developed by the Food and Nutrition Technical Assistance (FANTA) project of United States Agency for International Development (USAID) for use in developing countries (Coates, Swindale, & Bilinsky, 2007) . The Household Food Insecurity Access Scale (HFIAS), version 3, is administered with a recall period of four weeks. Several food security studies in Ethiopia have used this tool Birhane et al., 2014; Endalew, Muche, & Tadesse, 2015; Regassa & Stoecker, 2012) . It contains nine main items followed by frequency questions (i.e. 1. rarely, 2. sometimes, and 3. often) completed for every affirmative response in the main item. If each household were to respond affirmatively to the nine items of HFIAS with a frequency of occurrence of '3. often', then there would be a maximum possible score of 27 for each household that responded to all the nine items of the scale. A score closer to zero indicates absence of food insecurity and a score closer to 27 means greater degree of food insecurity. The nine items in HFIAS are arranged to measure increasing severity of occurrence, with the last three indicating severe conditions of household food insecurity. Utilizing the last three main items from HFIAS, FANTA also introduced a simple scale called Household Hunger Scale (HHS) (Deitchler et al., 2011) . The HHS was intended to identify proportions of households at different levels of household hunger and was validated for cross-cultural comparison (Deitchler et al., 2011) . The scores on HHS range from 0-6, with higher scores representing increasing severity of household hunger. Studies (Regassa and Stoecker 2012, Regassa 2011 ) have used this tool in similar Ethiopian communities. Therefore, HHS was also used to estimate prevalence of household hunger.
All questionnaire responses were inspected at field level. The data were entered in a SPSS spreadsheet (SPSS Statistics Version 20, IBM Corp., Armonk, NY, USA), previously prepared based on each item and response options on the questionnaire. Mean, standard deviation, median, percentile values (25th, 75th) and percentages were used to present findings from univariate and bivariate analysis. Results from HFIAS were presented as percent of households with affirmative responses to each of the nine main items and average degree of food insecurity and hunger in each community were expressed as median scores and percentile values (25th, 75th).
Median scores were compared using Mann Whitney U-test. In addition, using the HFIAS guide (Coates et al. 2007 ), households were grouped using summary measures of the scale as food secure, or insecure (i.e. mildly or moderately or severely food insecure). Households were also classified as having 'little to no household hunger' or 'moderate household hunger' or 'sever household hunger' based on HHS (Deitchler et al., 2011) . Categorical variables were compared between communities using Chi-square test.
In the multivariate analysis, a combination of selected demand (i.e. number of children under 5yrs of age per household, physiological density, household TLU, wealth index) and supply-side (women"s access to land, work burden on women, household land size, frequency of crop production per year,) as well as community variable (being in Halaba or Zeway area, as proxy to the farming practices) and institutional variable (participation in any food security programs in the district) were used as explanatory factors. The selection of these factors was based on previous studies (Alem, 2013; Belachew et al., 2012; Birhane et al., 2014; Endale et al., 2014; Feleke et al., 2005; Regassa, 2011; Sewnet, 2015) . Scores for degree of household food insecurity and household hunger in the pooled data from the two districts were used as dependent (outcome) variables in two separate models. A Multiple Classification Analysis (MCA) was used to present the mean of the dependent variables across each level of the selected categorical predictor variables (Nagpaul, 1999) . Both unadjusted and adjusted mean scores along with their associated Eta (η) and Beta (β) values were reported, respectively. Eta indicates the bivariate association between a predictor and the dependent variable whereas beta indicates the relationship of a predicator variable to the dependent variable in the multivariate model, keeping all other predictors constant (Nagpaul, 1999) . Beta also signifies the relative importance of the variable in predicting variation in the dependent variable while the square of Eta signifies the amount of variation explained by all categories of the predictor. F-values are reported for each model with the degrees of freedom, the associated R 2 and P-values. A P-value of <0.05 was used to determine statistical significance.
Ethical standard disclosure:
This study was conducted according to the guidelines laid out in the Declaration of Helsinki and all procedures involving human subjects were approved by the University of Saskatchewan Behavioral Ethics Board (BEH #12-357) and the Regional Health Bureaus of SNNPR and Oromiya. Verbal informed consent was obtained from all subjects. Verbal consent was witnessed and formally recorded.
Results

Background Characteristics
Most households completed all background questions. One household from Zeway community did not complete the food security assessment, hence the results were presented for a total of 629 households out of the 630 selected. The communities were similar on most background characteristics, such as household size, number of <5yrs of age children, headship, occupation of men and women, ownership of livestock, toilet facility, person responsible for hauling water. Significant differences were observed between the communities in the size of cultivable land, enset plant (Note 1) ownership, source of drinking water and time required to fetch water (P<0.001). 
Estimation of Household Food Insecurity and Household Hunger
Tables 2 and 3 present the food security situation of households classified using HFIAS and HHS scales. Affirmative responses to each of the nine occurrence items (Table 2) were twice or three times more in Halaba than Zeway households (P<0.001). In addition, the median score of HFIAS and HHS were significantly higher for Halaba than Zeway study households (P<0.001). Summary measures of HFIAS and HHS are presented in Table 3 . Only 15% of households in the pooled data were food secure. A significant majority of Halaba households (63%) were classified as severely food insecure compared with only 21% in Zeway (P<0.001). Likewise, the classification of the households based on the newly developed HHS showed nearly 31% of all households experienced moderate to severe levels of hunger. Proportion of households that experienced both levels of hunger were twice as large in Halaba as those in Zeway (P<0.001). No participant household from the Zeway community fell in the category of "severe household hunger" whereas 13% did in the Halaba. Tables 4 and 5 , respectively, present findings from the Multiple Classification Analysis using scores from the HFIAS and HHS as dependent variables. Each of the selected demand-supply side factors significantly predicted degree of household food insecurity in the study households (Table 4 ) and the overall model explained significant variation in the dependent variable [F (14) = 26.624, P<0.001; R 2 =0.405]. Mean scores for degree of food insecurity were significantly different among the levels of each of the identified demand related factors (i.e. number of children under 5yrs of age per household, physiological density household TLU and household wealth). More children under 5yrs of age, higher physiological density low TLU and lower wealth index were associated with a higher degree of food insecurity, after adjustment for other factors in the model. Likewise, supply side factors (i.e. women with no access to their own piece of land, women with work burden, half or less hectare of cultivable land size) also were associated with higher degree of household food insecurity, each having mean scores greater than the grand mean (8.8). The community variable (Halaba households) had higher degree of being food insecure as well as not participating in government food security programs. a Scores on household food insecurity access scale range from 0-27 and the higher the score, the greater the degree of food insecurity at household level; b using the length of time required for fetching drinking water as a proxy; c the ratio of number of person in the household to the size of cultivable land in hectare; Most of these factors also significantly predicted the degree of experiencing household hunger (a more severe condition of food insecurity) ( Table 5 ). The model itself explained considerable variation in the dependent variable (i.e. mean scores for degree of household hunger) and was very significant [F (14) = 9.884, p<0.001; R 2 =0.201]. Demand side factors such as household TLU and number of children under 5yrs of age per household were significant in the model, after adjustment for all other factors. Likewise, supply side factors, such as women"s access to land, work burden on women, cultivable land size and frequency of production per year were significant predictors. The community variable (i.e. Halaba) was associated with higher risk of experiencing household hunger.
Multivariate Analysis: Demand-supply Factors as Predictors of Household Food Insecurity and Hunger
Discussion
We found that the overwhelming majority of participant households from either community were food insecure and nearly one in every three households in the combined data experienced moderate to severe household hunger. Halaba was significantly worse than Zeway on both scales. We also found that most of the selected supply and demand side factors, as well as the community and institutional factors significantly predicted household food insecurity and hunger in the pooled data; however, the combined supply factors (i.e. women"s access to own piece of land, cultivable land size of the household, work burden on women, frequency of crop harvest per year) appeared to have greater influence on both food insecurity and hunger.
Roba et al. (Roba et al., 2015) also found very high level of household food insecurity (87%) in a 2011 study that examined adolescent nutrition in the Halaba district. However, the proportion of households we reported as severely food insecure (63%) were much higher compared with only 16% reported by Roba et al. This difference may have been due to timing of data collection -i.e. how soon or late data were collected after main harvest season (~Oct-Dec) in the district (FAO, 2015) . We collected data during the months of March-June whereas Roba et al. (2015) collected in February-March. Therefore, our finding of more households with severe food insecurity may indicate limited food supply or economic inability to access food, and hence increased risk of household food insecurity in the months further away from harvest season.
In an adjacent rural district, Regassa and Stoecker (2012) reported high levels (82% and 29%) of household food insecurity and hunger, respectively, although the study was conducted during December-January period, i.e. closer to crop harvest compared to ours (March-June). The vulnerability of households to food shortage and hunger, even shortly after main harvest, may indicate insufficient harvest due to poor productivity which itself arises from a combination of factors such as application of inadequate farm input (improved seed/fertilizer), dependence on climate change induced erratic rain fall, low irrigation use (FAO, 2015) , a tenure policy that enforce state control of land and discourages sustainable investment by farmers on the land (Crewett, Bogale, & Korf, 2008; Nega, Adenew, & Gebre Sellasie, 2003) and small land holding size, arising from a geometric increase in population growth (Sewnet, 2015) . For example, 70% of our study households reported a <1ha land holding but with high (6±2) average family size (Table 1) . However, high prevalence of food insecurity is not limited to rural farming households as studies have shown similar trends in urban settings both in Ethiopia (Birhane et al., 2014; Endale et al., 2014) and in neighbouring Kenya (Kimani-Murage et al., 2014; Shinsugi et al., 2015) .
As indicated by several studies in Ethiopia (Ali et al., 2013; Belachew, Lindstrom, Hadley, et al., 2013; Roba et al., 2015) and elsewhere (McDonald et al., 2015; Shinsugi et al., 2015; Young et al., 2014) , household food insecurity, and the subsequent hunger, is one of the underlying causes of poor nutritional health outcomes in vulnerable household members. However, household food insecurity (and hunger) or food security itself is a function of social-economic, demographic, environmental and policy related factors interacting at national, regional, community or household levels, as outlined in the well-known "conceptual framework of malnutrition" by UNICEF (UNICEF, 1990) . In our study, we investigated a select group of some of these factors, conceptually organized as demand or supply, as well as community and institutional factors, and measured their effect on food insecurity and hunger at household level. Supply side factors [women"s access to land, household land-size, frequency of production per year and work burden of women] were significant predictors of food insecurity and hunger both in the bivariate (unadjusted) and multivariate (adjusted for factors) analysis (Tables 4 & 5 ). Households where women had no access to their own farm land, traveled longer distances to fetch water (work burden) and households that had small land size (≤5ha) and produced crops twice per year had significantly higher mean scores on HFIAS & HHS scales (p<0.001), indicating greater degree of food insecurity and hunger in these households. The direction of association of all supply side factors to food insecurity and hunger was as expected except "frequency of crop production per year" in which more than once/year crop production did not appear to reduce vulnerability to food insecurity or hunger in both the adjusted and unadjusted models. This may indicate perhaps improving productivity is more important than the frequency of production. However further research is required to establish the exact scenario.
Land size is an important resource that determines food supply in communities that depend on farming as main livelihood. However, since most households in Ethiopia have smaller farmland due to the high population growth (Sewnet, 2015) , increasing productivity per unit of land area is the next feasible option to ensure sufficient food supply for households. This, in turn, requires a labour force where women play a key role. The FAO and World Bank reports on the role of women in agriculture states that the goal of feeding the world cannot be realized without the contribution of women that make up significant part of the labour force (FAO, 2011 (FAO, , 2012 World Bank/FAO/IFAD, 2009) . Likewise, Mosse (Mosse, 1993) , also emphasized the significant contribution of women in agriculture or any development. We showed households where women spend significant time going longer distances to fetch water had increased risk for household food insecurity (p<0.001).
Lack of access to land by women was also an important predictor of food insecurity and hunger (p<0.001) where households in which women had their own piece of farm land had significantly lower scores (i.e. lower risk of being food insecure or experiencing hunger). This may be due to the relative flexibility women with access to land have to make decisions on their produce whether to consume at home or sell. Allendorf (Allendorf, 2007) has shown that women with access to land had better decision making power at household levels and provided better care for children. Therefore, policies that minimize or eliminate the gender disparities in equal access to land should be put in effect.
From demand side factors, we identified households with the lowest livestock, in the lowest wealth category, with two or more children under 5yrs of age and higher physiological density were at greater risk for food insecurity. Since physiological density is a function of land (limited resource) and household size, improving productivity of land and strengthening family planning services could assist efforts toward household food security. The geographic location of study communities was also a strong predictor; households from Halaba were twice as likely to experience food insecurity and hunger as those from Zeway. Other community level factors that were not captured in this study, such as market proximity, aggregate food supply, cultural beliefs/food taboos, history of susceptibility to drought, community level coping mechanism, may have contributed to the observed location difference in vulnerability, warranting further investigation. Households" involvement in the local food insecurity programs (institutional variable) showed that those who did not participate had greater chance of experiencing food insecurity and hunger. We did not, however, ask why households did not participate in programs despite the high prevalence of food insecurity and hunger in the area. Future studies to investigate whether the limited involvement in food security programs was due to lack of service coverage or refusal from the side of households are required. While the above micro-level factors explained 41% (R 2 =0.405) the variation in the outcome variable, a great deal of remaining variation may be explained by other macro level variables such as, policies that affect aggregate food supply, which were not captured in our model. One of such policy would be one that deals with land. The fact that about 80% of Ethiopia"s population depends on agriculture makes land a key resource. Hence government policies on land administration (i.e. ownership, certification, transfer and women"s access to land) affect food production and the subsequent household food security status. In Ethiopia, farmers have only usufruct right to land while the state owns the land (Crewett et al., 2008; Nega et al., 2003) which may raise concerns on the issue of food sovereignty. Food sovereignty, which pertains to the right of farmers to decide on their own production, distribution and marketing of food as well as ownership of farm land, is a bigger concept than food security (Cochrane, 2011) . It advocates not just achieving food security, which places much emphasis on food availability and access without regard to the source of the food (imported verses local), but that farmers should own and decide on the process of achieving food security. Lack of land tenure security may significantly impact productivity and the subsequent household food supply as it may prevent farmers from fully investing on the land as though it were their own. The existing land policy also allows the government of Ethiopia to lease land to foreign investors. Some have criticized this leasing of land to foreign investors and referred it as "land grabbing" (Cochrane, 2011; Settee, 1999; The Oakland Institute, 2015) as the process has resulted in the eviction of indigenous people from their farm or pastoral land in parts of southern Ethiopia. In recent years, the government has started implementing a land certification policy that aimed at benefiting female headed households and married women to improve their access and control of land thereby empowering them (UN-HABITAT, 2008) . Some studies and practical experiences (Settee, 1999) also suggest that ensuring land right provides more benefits when local governments promote indigenous knowledge and practices, such as preservation of community"s natural environment to ensure sustainable food systems at community and household levels.
At a bigger scale, Ethiopia continues to face a significant challenge in achieving food security at the household and individual level. The 2014 Global Hunger Index (GHI) study ranked Ethiopia among the bottom countries with severe levels (24.4%) of global hunger (Grebmer et al., 2014) . The index is an average measurement of three indicators: undernourished population (% with insufficient caloric intake), prevalence of underweight children and level of child mortality before 5 th birthday. Based on GHI classification, the severity of the observed hunger in Ethiopia was set as "alarming". In 2015, Ethiopia was faced with severe drought in parts of the country due to lack of rain and the food security situation has significantly deteriorated as 8.2 million people were food insecure by October (double the number from previous year in the same period) (FAO, 2015) . This also affirms the presence of a challenging food environment for vulnerable household members in the country, requiring systematic and aggressive efforts to tackle the problem at household, community and policy levels.
The limitation of our study was it failed to provide a full picture on the pattern of food insecurity on a different season in either districts due to cross-sectional nature of the design. We also did not collect detailed information on farming practices, use of technology (improved seed, fertilizer, and farming techniques), and market access. which might help explain why producing crops twice per year did not reduce vulnerability to food insecurity or hunger. We recommend further study to explore these factors and also the actual dietary intakes and overall consumption pattern of vulnerable family members, such as mothers, children and adolescent girls, to estimate the level of risk of inadequacy for programmatic purposes.
Conclusion
In this study, we reported that household food insecurity was unacceptably high in both districts (95% in Halaba and 67% in Zeway). Household hunger was 38% in Halaba and 18% in Zeway. Both food insecurity and hunger were significantly greater in Halaba (p<0.001), warranting large scale investigation into the farming system factors. Both supply and demand factors were significant in determining household food insecurity and hunger (p<0.01); however, supply factors such as women"s access to land, land size, frequency of production and work burden had greater influence than the demand factors. Levels of food insecurity and hunger in both communities were very high and of serious concern. We recommend increasing the food supply, and its subsequent accessibility, for households by improving productivity of cultivable land, enhancing women"s access to land, augmenting income through savings and wealth accumulation, introducing more inclusive programs for women, and reducing their work burden.
